Monomer 2-furaldehyde (FDH) was deposited onto the glass substrates in optimum conditions via a glow discharge using a capacitively coupled parallel plate reactor to obtain plasma polymerized 2-furaldehyde (PPFDH) thin films of different thicknesses. In order to realize the carrier conduction mechanisms, the direct current 
Introduction
Plasma polymerization is one of the neoteric techniques that can be used to synthesize thin polymer films from a variety of organic compounds. These thin films differ slightly from conventional polymers in terms of their structure and morphology, but retain the majority of properties. Plasma polymerize thin films are preferable due to excellent coating adhesion onto a wide variety of substrates, chemical, mechanical and thermal stability and high cross linked, insoluble and pinhole-free characteristics [1] [2] [3] .It is possible to adapt the film properties to different applications by changing the deposition parameters such as reactor pressure, plasma power, flow rate, and reactor geometry [4] [5] [6] . Homogeneous, chemically inert, highly adhering, pinhole-free plasma polymerized thin films have applications in diodes, thin film transistors, switching elements, photovoltaics, microelectronics, optoelectronics, different sensors, biomedical appliances, thin film lenses, membrane separation, aerospace automobile fields, rechargeable batteries, dielectrics, light guide materials ,coatings and insulating layers, etc. [7] [8] [9] [10] [11] [12] [13] [14] . Therefore, it is extremely useful to develop high quality polymer thin films for a variety of important applications. As a consequence, the structural, electronic, optical, electrical, etc. properties of organic polymer thin films as advanced materials have received particular attention from solid state and materials scientists.
Over the years various synthesis techniques have been used to produce optical thin films with improved properties for many different technological applications e.g., photovoltaics, thermal collectors, photovoltaic thermal solar panels, and solar selective absorbers etc. Owing to its simplicity the plasma polymerization technique has been adopted for the synthesis of the coatings. This method is quick, cost effective, better compositional uniformity at low temperatures and conformational coverage in the case of films produced via solid state synthesis routes. In view of
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these facts, development of convenient and environmental friendly route, higher stability and high performance thin films is always very crucial.
In direct current (DC) electrical conduction mechanisms, such as, Schottky , respectively. In another study, the effect of iodine doping on DC electrical conduction mechanism in plasma polymerized PPDEA thin films found the PF conduction mechanism is functioning [19] . Electrical conduction mechanism by J-V measurements of plasma polymerized N, N, 3, 5 tetramethylaniline, deposited via a capacitively coupled plasma polymerization method showed that the electrical transport mechanisms associated was of SCLC type [20] . Kamal et al. [21] studied the DC electrical conduction mechanism in plasma polymerized pyrrole (PPPy) thin films is mostly dominant by the SCLC kind. Sharma et al. [22] reported electrical and photovoltaic behavior of furfural resin thin films. The J-V characteristics demonstrate the ohmic conduction in the low voltage region while space charge limited conduction is dominant in the high voltage region. In another article [23] , the mechanism of electrical conduction in plasma polymerized furan films predicted that there is a clear dominance of Schottky conduction. The Schottky conduction mechanism was also found to be dominant in plasma polymerizedfurfural thin films [24] .The structural and optical properties of these thin films have been cited elsewhere [25] .
In the present study 2- 
Experimental Details

The monomer and formation of polymer
The monomer, 2-furaldehyde (FDH) made by BDH Laboratory, BH15, respectively. In the plasma polymerization process, the monomer, 2-furaldehyde gases were pumped into the vacuum chamber where it is polymerized by plasma to from a thin and clear coating. The staring liquid monomers were converted into gases phase in an evaporator and pumped into the vacuum chamber where the polymerization process was initiated by glow discharge. The excited electrons generated onto the glow discharge helped to ionize the monomer molecules. The monomer molecules were fragmented to create free electrons, ions, exited molecules and radicals and were absorbed, condensed and polymerized onto the glass substrates. Finally, with the deposited molecules, the electrons and ions were crosslinked to form chemical bonds and dense-hard polymer films. The empirical molecular formula of the polymer is C 3.60 H 11.97 O 1.40 .
Preparation of thin films and thickness measurement
The FDH vapor was injected into the glow discharge reactor through a flow meter (Glass Precision Engineering, Meterate, England) at a flow rate of about 20
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT ml/min. The glow discharge system is a bell-jar type capacitively coupled system consisting of two stainless steel parallel plate electrodes of diameter and thickness 0.09 and 0.001 m, respectively, placed 0.04 m apart. A schematic diagram of the plasma polymerization set up is portrayed in Fig. 2 [4] . The glow discharge chamber was evacuated by a rotary pump (Vacuu brand, Germany). Glow discharge plasma was generated around the substrates, which were kept on the lower electrode, using a various plasma powers is printed in Fig. 3 to understand the growth kinetics of PPFDH films. It is observed that at 30 W, the plasma is low to attain film thickness satisfactorily while at 50 W; the plasma is very high, resulting a slower deposition of the films with increasing time. However, it is viewed that proper polymerization occurs at 40 W, which recommends to prepare PPFDH thin films at suitable thickness for several measurements [26] .
The thickness of the films, d was measured by the multiple-beam interferometry technique [27] via following relation,
where λ (= 589.3 nm) is the wavelength of monochromatic sodium light source, b the step height and a the width of the Fizeau fringes. A traveling microscope was used to measure the value of b and a formed due to the interference of light reflected from the glass and surfaces of thin films. The Fizeau fringe patterns of PPFDH films are displayed in Fig. 4 . In addition to the glass substrates, another separate glass slide was used to measure the thickness of the films. Teflon tape was used to cover 50% area of the cleaned glass, which was not exposed to plasma environment during plasma polymerization. After deposition, the teflon tape was carefully removed from the glass slides. The optimized deposition conditions for the synthesis of the films are shown in Table 1 .
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Scanning electron microscopy
For SEM and EDX analyses, PPFDH thin films were deposited onto small pieces of chemically cleaned glass substrates. Two samples of each thickness were selected out for the analysis. To avoid the charging effect, the PPFDH thin films were coated with a thin layer of gold by sputtering (AGAR Auto Sputter Coater). The SEM and EDX analyses were performed by a scanning electron microscope (Model: S-3400N, Hitachi, Japan). The SEM machine was operated at 20 kV. In EDX, a spectrum starting from very low to high voltage (say, from 0.1 to 40 kV) can be recorded in a relatively short time (10~100 s) for a quick analysis of the elemental compositions of the specimen.
SEM machine connected with an EDX analysis column with a maximum EHT (extra high tension) voltage field emission gun of 30 kV.
DC electrical measurements
For electrical measurements, aluminum (Al) contact electrodes were deposited Pa to avoid any ambient effects.
Results and Discussion
Surface morphology and elemental analysis
The SEM and EDAX spectra of PPFDH films were recorded at different magnifications (50k×, 100k×) at an accelerating voltage of 25 kV are shown in Fig. 5 
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and Fig. 6 , respectively. The SEM images show that the surfaces of the plasma polymerized films are uniform. Our studies were found to be consistent with earlier report [28] . The EDX results indicate that carbon (C) has the highest percentage (60.60 %) and the presence of oxygen (O) follows a very good ratio as the monomer.
The higher percentage (22.50 %) of oxygen in the polymer is due to the due to the combination of contributions from the glass substrates and atmospheric oxygen when samples were taken out side of the reactor chamber. The presence of sodium and silicon as detected in EDAX studies of the films were not found in the monomer FDH might be appearing from the glass substrates. However, EDAX was unable to identify the presence of hydrogen in PPFDH films [15].
Electrical Properties of PPFDH Films
J-V characteristics
The while that in the high voltage region falls in the range of 1.81 ≤ n ≤ 2.58 as shown in Table 2 . These features point out that the current conduction is of Ohmic nature in the low voltage region and non-Ohmic in the high voltage region [15] . Furthermore, at the higher temperatures regions the values of J increases significantly, revealing a strong temperature dependence of J.
Conduction mechanism in PPFDH thin films
Charge injected from a metal to an insulator or a semiconductor at medium electric fields, generally, occurs by field-assisted thermionic emission, a process known as the Richardson-Schottky effect or simply, a Schottky emission. This is a process of image force induced lowering of the potential energy for charge carrier emission under an applied electric field [29] . As a result of the image force, the potential step changes smoothly at the metal-insulator interface. The other process is
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called PF generation where carriers are produced by the dissociation of donoracceptor centers in the bulk of the material due to field-enhanced thermal excitation of trapped electrons into the conduction band. [30] . If the generation process is slower than the transport by the carriers through the material, the conduction is governed by generation, specifically by either the Schottky, or PF mechanism. Conversely, when the transport is slower than generation, it constitutes the rate-determining step, and the conduction is described by the theory of SCLC. If a charge is injected at the electrode-polymer interface, a large excess carrier density at the injecting electrode exists and an SCL current flows [31] .
The steady-state SCL current density obeys an equation of the form [32] ,
where   is the dielectric constant of the material, ε o the permittivity of the free space, µ the mobility of charge carriers and d the thickness of the thin film. Therefore, for SCLC mechanisms, the slope of the J-V characteristics should be greater than or equal , where m is a parameter which depends on the trap distribution and is equal to or greater than 3 in the presence of traps. The thickness dependence of the J for PPFDH films is exposed in Fig. 8 . It can be seen from Fig. 8 that J varies as d -2.7 . The value 2.7 is much less than the required exponent value for SCLC. So, SCLC conduction mechanism is ruled out.
The general expression for both Schottky and PF type conductions is expressed as [34] ,
In this equation J 0 is the low-field current density; F, the applied electric field; k, the Boltzmann constant; T, the absolute temperature and , the ionization energy of localized centers in PF conduction and Coulomb barrier height of the electrode polymer interface in Schottky type conduction and , the coefficient of the static
electric field. The coefficient  for the Schottky type conduction is known as the Schottky coefficient ( s ) and is defined as,
For the PF mechanism, it is called the PF coefficient ( PF ) and is defined as,
where, e is the electronic charge. Therefore according to Eq. (4) and (5) and the values are set out in Table 3 . From Table 3 , it can be seen that the values of  exp are close to the values of  th which indicate that the probable mechanism of charge transport in the PPFDH film is of the Schottky type. Furthermore, in the Schottky-Richardson mechanisms, the J shows strong temperature (T) dependence but not in the case of PF mechanisms. Another alternative way to recognize whether the conduction mechanism is of PF or Schottky type, is to inspect the temperature dependence of the current density.
Temperature dependence of current density
The temperature dependence of the J is expressed by the Arrhenius law,
where J 0 is a constant, ΔE, the thermal activation energy of electrical conduction and k, the Boltzmann constant. Fig. 10 Table 4 . At an applied voltage of 5V in the low temperature regions, the activation energies are found to be 0.13 ± 0.02 eV and at higher temperature regions it is 0.50 ± 0.05 eV, whereas, in the low and high temperature regions activation energies were found to be 0.11 ± 0.01 eV and 0.55 ± 0.02 eV, respectively for an applied voltage of 35 V. These small values of the activation energies in the low and high temperature regions suggest the existence of the shallow trap levels in PPFDH films. The low activation energies in the low temperature regions signpost that the thermally activated hopping conduction is operative in this material. This change in ΔE from lower to higher values may be attributed to a transition from a hopping regime to a regime dominated by distinct energy levels [35] .
Conclusions
Glow discharged plasma polymerized PPFDH films deposited onto the glass substrates were studied to realize their DC electrical conductivity mechanisms. SEM studies show that the surfaces of the PPFDH film are uniform and pinhole free. The [13] M. Nakamura, L. Sugimoto, H. Kuwano, Application of plasma-polymer-filmcoated sensors to gas identification using linear filters, Sens. Actuators B:
Chem, 33 (1998) 122-127.
[14] H. Muguruma, Plasma-polymerized films for biosensors II, Tr. Anal. Chem. A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT Table 1 . The optimum plasma polymerization conditions for PPFDH films. 
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Highlighs  Plasma polymerized 2-furaldehyde films were synthesized via glow discharge technique.
 Uniformity of the surface of the PPDFH films were identified via SEM analysis.
 Energy dispersive X-ray spectra show the presence of C, O, and substrate related elements.
 The dominant conduction mechanism in the PPFDH films is of Schottky type.
 Schottky type mechanism was also confirmed by the temperature dependence J-V studies.
